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Description 

This invention relates to the generation of electronic 
representations of moving images and, more particular- 
ly, to an improved method and apparatus for creating 
animated images from stored image data elements with 
substantially reduced computational requirements. 

The creation of high quality animated images is 
generally considered to be tedious and expensive. Be- 
fore the advent of computer-generated animation, each 
animated film required artists to produce large numbers 
of drawings, with thousands of drawings being neces- 
sary to produce even a short film segment. In recent 
years, the development of sophisticated computer ani- 
mation techniques permits artists' time to be more effi- 
ciently utilized, with the computer serving to automati- 
cally perform a number of tasks, including computation 
of objects as they are to appear in an image and gener- 
ation of so-called "in between" frames of an animated 
sequence. However, computer-generated animation 
has only recently begun to approach the quality of non- 
automated manually created animation. However, as 
computer-generated animation is produced with higher 
quality and higher resolution, the number of computa- 
tions necessary for generating images from stored im- 
age data elements grows quickly, and this tends to in- 
crease the necessary processor and memory capabili- 
ties and/or the time necessary for producing the anima- 
tion. The result is a higher cost of producing computer- 
generated animation. 

It has been previously demonstrated that the char- 
acteristics of human vision can be taken into account in 
the design of equipment for encoding and decoding vid- 
eo signals or storing video signals with reduced band- 
width requirements. For example, an electronic video 
signal can be encoded at reduced bandwidth by lower- 
ing the frame refresh rate of the high spatial frequency 
components, while maintaining the frame refresh rate of 
at least a portion of the low spatial frequency compo- 
nents at the standard rate. If done in a specified manner, 
this will not cause substantial degradation in the ulti- 
mately displayed image, since human vision cannot per- 
ceive changes in high spatial resolution information at 
as fast a rate as it can perceive changes in low spatial 
resolution information. Accordingly, an electronic video 
encoding and decoding system has been devised which 
takes advantage of this, and other characteristics of hu- 
man vision by encoding higher spatial resolution video 
components to be at a temporal information rate which 
approximately corresponds to the highest rate actually 
perceived by the human vision system for such compo- 
nents; thereby eliminating the need to encode these 
components at a higher rate, which inherently wastes 
bandwidth. Such as system is disclosed in US Patent 
4,652,909. Also, it has been shown that the low spatial 
resolution information can be generated in a form which 
is compatible with standard television video, e.g. NTSC 
video. In this regard, reference can be made, for exam- 



ple, to US Patent Nos. 4,517,597, 4,628,344, 4,652,909, 
4,667,226, and 4,701 ,783, all assigned to the same as- 
signee as the present application. 

The described techniques are very useful in 

5 processing video signals to reduce the bandwidth nec- 
essary for transmission and/or storage of the signals. It 
has been suggested that techniques which take advan- 
tage of the indicated characteristics of human vision 
could also be used advantageously in the creation of 

io animated images. However, to the Applicant's knowl- 
edge, practical techniques and systems for creating an- 
imation with substantial saving of computational com- 
plexity and/or storage requirements and/or time have 
not been forthcoming. 

15 In GB-A-21 76678 there is disclosed fractal signal 
generation from a basic shape or form that involves a 
combination of frames at different spatial resolutions. 
The frames to be combined in this reference are at the 
same frame rate, and characteristics of human vision 

20 are not considered or exploited. 

It is among the objects of the present invention to 
provide an improved and practical method and appara- 
tus for creating electronic representations of animated 
images from stored image data elements with substan- 

25 tially reduced computational requirements. 

In accordance with one aspect of the present inven- 
tion, a method for generating electronic representations 
of animated images from stored image data elements, 
comprises the steps of: 

30 

computing, from said stored data elements, a first 
sequence of relatively low resolution frames repre- 
senting animated images over a given time period 
and low pass filtering the information in said rela- 
ys tively low resolution frames; 

computing, from said stored image data elements, 
a second sequence of relatively high resolution im- 
ages over the given time period and high pass fil- 
tering the information in said relatively high resolu- 
40 Won frames, the number of frames in said second 
sequence being less than the number of frames in 
said first sequence; and 

combining corresponding frames of said first and 
second sequences to obtain output high resolution 
45 frames representative of said animated images 
over said given time period. 

In accordance with a second aspect of the present 
invention, apparatus for generating electronic represen- 
50 tations of animated images from stored image data el- 
ements, comprises: 

means for computing, from the stored image data 
elements, a first sequence of relatively low resolu- 
55 tion frames representing animated images over a 
given time period, and means for low pass filtering 
the information in said relatively low resolution 
frames; 
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means for computing, from the stored image data 
elements, a second sequence of relatively high res- 
olution frames representing the animated images 
over the given time period, and means for high pass 
filtering the information in said relatively high reso- 
lution frames, the number of frames in the second 
sequence being less than the number of frames in 
the first sequence; and 

means for combining corresponding frames of the 
first and second sequences to obtain output high 
resolution frames representative of said animated 
images over said given time period. 

In accordance with an embodiment of the invention, 
there is provided a method for generating electronic rep- 
resentations of animated images from stored image da- 
ta elements. The image data elements may be made 
available from one or more data base sources, and may 
be of any suitable form from which images can be com- 
puted. A first sequence of relatively low resolution 
frames are computed from the stored image data ele- 
ments, this first sequence of frames representing ani- 
mated images over a given time period. A second se- 
quence of relatively high resolution frames are comput- 
ed from the stored image data elements, this second 
sequence of frames representing the animated images 
over the given time period. The number of frames in the 
second sequence is less than the number of frames in 
the first sequence. Corresponding frames of the first and 
second sequences (i.e., frames representing compo- 
nents of the same image to be ultimately displayed) are 
combined to obtain output high resolution frames repre- 
sentative of the animated images over the given time 
period. 

In the preferred embodiment of the method of the 
invention, there are at least twice as many computed 
frames of the first sequence as there are computed 
frames of the second sequence. For example, in an il- 
lustrated embodiment, the first sequence may be com- 
puted for ultimate presentation at 30 frames per second, 
and the second sequence computed for ultimate pres- 
entation at 1 5 frames per second. Also, the preferred 
embodiment of the method of the invention further in- 
cludes the following steps: spatially interpolating each 
of the frames of the first sequence to increase the 
number of pixels in the spatially interpolated frames, and 
temporally interpolating between frames of the second 
sequence to obtain further frames in said sequence. In 
this embodiment, the combining step includes combin- 
ing the interpolated first sequence frames with second 
sequence frames and further second sequence frames. 
Also, in this embodiment, the spatial interpolation of the 
first sequence of frames produces interpolated frames 
having the same number of pixels as the frames of the 
second sequence of frames, and the temporal interpo- 
lation of the second sequence of frames produces a total 
number of second sequence frames and further second 
sequence frames that is the same as the number of 



frames in the first sequence. 

In a described further form of the method of the in- 
vention, there is computed a third sequence of interme- 
diate resolution frames representing the animated im- 

5 ages over the given time period, the number of frames 
in the third sequence being less than the number of 
frames in the first sequence and greater than the 
number of frames in the second sequence. In this em- 
bodiment, the frames of the third sequence of frames 

io are both spatially interpolated and temporally interpolat- 
ed to obtain an interpolated third sequence of frames 
that has the same total number of frames as the frames 
of the first sequence, and the same number of pixels per 
frame as the frames of the second sequence. 

is An important advantage of the invention is that the 
total number of pixel values which are computed for 
each output frame is substantially less than the number 
necessary when employing conventional methods of di- 
rectly computing the output frame pixel values for each 

20 pixel of each frame at the output pixel density and frame 
rate. This is because of the reduction in the necessary 
number of computed frames of the relatively higher res- 
olution information. The embodiment which utilizes a se- 
quence of intermediate resolution frames requires even 

25 less total computations, for a given output effective res- 
olution, than the embodiment which employs only se- 
quences of relatively high and relatively low resolution 
frames. 

The invention has application to generating output 
30 images at any suitable resolution, the advantages in re- 
duced computation being present, for example, for a so- 
called conventional resolution output as well as for out- 
puts that are at higher than conventional. 

Further features and advantages of the invention 
35 will become more readily apparent from the following 
detailed description when taken in conjunction with the 
accompanying drawings. 

Fig. 1 is a block diagram of a system which, when 
properly programmed, can be used to practice an em- 
40 bodiment of the invention. 

Fig. 2 is a simplified procedural diagram which illus- 
trates operation of an embodiment of the invention. 

Fig. 3 is a flow diagram of a routine for programming 
a processor to implement an embodiment of the inven- 
ts tion. 

Fig. 4 is a flow diagram of an embodiment of a rou- 
tine for interpolating from stored frames to obtain frames 
that are combined to obtain the desired high resolution 
frames. 

so Fig. 5 illustrates operation in accordance with a fur- 
ther embodiment of the invention. 

Referring to Fig. 1 , there is shown a system which, 
when property programmed in accordance with the 
teachings hereof, can be used to practise an embodi- 
es ment of the invention. In the illustrated embodiment an 
operator 110 is shown at a work station that includes 
input devices such as a data tablet 111 and a keyboard 
112, and one or more display devices represented by 
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monitor 115. As will become understood, the technique 
of the invention could be implemented automatically un- 
der program control, such as when a script has been 
previously formulated to define the nature of the images 
to be computed by the system. However, in the illustrat- 
ed system, an animator (i.e., operator 110) can be in- 
volved in the image creation process on a dynamic ba- 
sis, e.g. by selecting the source and control of images 
or image components to be produced. It is emphasized 
that the advance of the present invention pertains to 
economies in the image creation process, and is not lim- 
ited by the source of data from which images are to be 
created, or the control (automatic, semi-automatic, or 
manual) which determines data selection and manipu- 
lation employed for obtaining the desired images from 
the source data, these being well known in the art. 

The various devices in the Fig. 1 embodiment are 
illustrated as being coupled, via a bus 50, to a processor 
subsystem 100 which may comprise a suitably pro- 
grammed general purpose processor or computer, such 
as a Model VAX 11-785, sold by Digital Equipment Cor- 
poration, equipped with programmed memory, working 
memory, timing circuitry, and the like, as is known in the 
art. Other processor means, such as a special purpose 
computer or circuitry, may alternatively be employed. 

In the illustrated embodiment, the data base 150 
represents the source or sources of data from which im- 
ages are to be created. These data sources may range 
from simple lines, curves, or polygons to complex ob- 
jects, sets of objects, backgrounds, etc., without limita- 
tion. A frame buffer subsystem 160 is provided, and in- 
cludes one or more high resolution frame buffers, which 
are well known in the art. A frame buffer typically com- 
prises an addressable memory which stores a frame of 
video information. The video can be in any desired for- 
mat, and need not be in a standard television format. 
Each elemental region (also referred to as a point or 
"pixel") in the video frame has a stored value or values 
(referred to as the "video content value" or "pixel value") 
associated with it. The stored value is typically an n-bit 
word that represents video content, e.g. by bits which 
represent luminance and chrominance or which repre- 
sent color component values for R, B and G. Available 
frame buffers also include means for scanning the con- 
tents of their video memory and converting the result to 
frames of analog video suitable for storage and/or dis- 
play, and the frame buffer(s) hereof are assumed to 
have this capability. A video storage device 170 is pro- 
vided, and may comprise any suitable known type of an- 
alog or digital video recording means for storing high 
resolution video, such as a video tape recorder or disc. 
A suitable film storage subsystem 180, with capability 
for converting high resolution video frames to images 
on film, may also be provided, as is known in the art. 

Referring to Fig. 2, there is shown a simplified dia- 
gram which illustrates the technique of an embodiment 
of the invention. The data base 150 is the data base of 
. Fig. 1 , and contains the graphic descriptions from which 



images can be created. The block 210 represents the 
computing, from the stored data, and in accordance with 
control of an operator (e.g. 110 in Fig. 1) and/or control 
of a program, of frames of relatively low resolution lumi- 
5 nance (Y) and color difference (R-Y and B-Y) informa- 
tion. [As described, for example, in the above referenced 
U.S. Patent No. 4,628,344, pertaining to encoding and 
decoding of video, chrominance components can be 
presented at a relatively lower frame refresh rate than 
high resolution luminance components. For a mono- 
chrome system, only the low and high resolution lumi- 
nance will be computed ] The computed information is 
low-pass filtered (block 211) to remove high spatial fre- 
quency components, and then stored (buffers 216, 217 
and 218). 

Relatively high resolution frames of luminance in- 
formation are also computed and stored, as represented 
by the block 220. These frames have a higher pixel den- 
sity than the lower luminance frames computed in ac- 
cordance with block 210. For example, the higher reso- 
lution frames may have twice as many computed pixels 
in both the horizontal and vertical directions as the lower 
resolution frames; i.e. four times the pixel density. Also, 
there are less high resolution frames than low resolution 
frames computed and stored for a given time period of 
animation to be presented. For example, 30 frames of 
low resolution information and 15 frames (or, say, 7.5 
frames) of the high resolution information may be pro- 
duced for each second of animation to be presented. 
The high resolution frames are high-pass filtered (block 
221 ) to remove low spatial frequency components, and 
then stored (buffer 222). The low and high pass filtering 
(blocks 211 and 221) can be implemented using hard- 
ware or software techniques, a suitable known software 
technique being utilized in the present embodiment to 
implement this filtering, as noted below in conjunction 
with Fig. 3. The stored filtered frame components are 
interpolated and combined (block 230), in a manner to 
be described hereinbelow in conjunction with Fig. 4, to 
obtain the output high resolution frames. The output 
frames may be in the form of high resolution luminance 
and color difference signals, or may be converted to high 
resolution color component signals, R, B, and G, as is 
well known in the art. 

Referring to Fig. 3, there is shown a flow diagram 
of a routine for programming a processor, such as the 
processor subsystem 1 00 in Fig. 1 , to implement a tech- 
nique in accordance with the Fig. 2 embodiment. In the 
present illustration, it is assumed that all the data from 
which images are to be generated is present in the data 
base 150, but it will be understood that any suitable 
source or sources of data can be utilized, as can any 
suitable means for determining the nature of the images 
to be computed or for performing the image computa- 
tions. As noted above, these aspects are well developed 
in the prior art, and are not, of themselves, inventive fea- 
tures hereof. 

The block 311 represents the initializing of a frame 
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index which, in the present embodiment, can be envi- 
sioned as representing a frame count in the ultimate 
presentation of the animated images to be generated 
using the invention. It will be understood that the image 
generation hereof is typically not implemented in real 
time, and this index is for the purpose of keeping track 
of the generated image components being processed 
for ultimate composition and presentation. Accordingly, 
a time reference index (pertaining to time during the ul- 
timate presentation) or other suitable index, could alter- 
natively be utilized. 

The block 321 represents the inputting of the image 
data identification and control which determines the se- 
lection of data base information and the computing func- 
tion or the like for the current frame index. As previously 
noted, this function is well known in the art, and will typ- 
ically be implemented by a program, such as a so-called 
exposure sheet program, and/or under operator control. 
The block 322 represents the computing and storing of 
the relatively low resolution frames of Y, R-Y, and B-Y 
image components for the current frame index. As 
above noted, these computations are common in the art, 
and the types of computations used are not, per se, an 
inventive feature hereof. The image components should 
be computed so that no substantial frequency compo- 
nents occur which would result in spatial frequency 
aliasing. This means that the computed image compo- 
nents should contain only spatial frequencies at or be- 
low the maximum spatial frequency possible for an im- 
age of that resolution. If higher spatial frequencies are 
present, artifacts such as edge stairstepping and small 
object scintillation may result. In the illustrated embod- 
iments, this problem is reduced by employing suitable 
filtering of the computed image components. The block 
325 represents the low pass filtering of the computed 
image components, and this filtering and the other filter- 
ing hereof can be implemented using known software 
routines, for example, one which implements a discrete 
two-dimensional convolution using a four pixel by four 
pixel symmetric Gaussian kernal. The filtering may also 
be performed using known hardware, or performed di- 
rectly in conjunction with the image computation proc- 
ess. 

Inquiry is next made (diamond 330) as to whether 
a relatively high resolution luminance frame (e.g. as il- 
lustrated with regard to block 220 in Fig. 2) is to be com- 
puted for the present frame index. In the present em- 
bodiment, the relatively low resolution image compo- 
nents are generated for an ultimate presentation rate of 
30 frames per second, and the relatively high resolution 
luminance frames are generated for a presentation rate 
of 15 frames per second, although other suitable rates, 
less than 30 frames per second, can be utilized. This 
means that in the present embodiment, a high resolution 
luminance frame will be computed half as often as a low 
resolution luminance frame and, for example, the high 
resolution frames can be computed only at odd frame 
index numbers. If the answer to the inquiry of diamond 



330 is negative, diamond 360 is entered directly. Other- 
wise, the blocks 350 and 355 are entered for computa- 
tion and storage of the relatively high resolution lumi- 
nance image component, and high pass filtering of the 

5 images. In the present embodiment, the high resolution 
images may be computed, for example, to have twice 
as many pixels as the low resolution luminance frames 
in both the vertical and horizontal directions; i.e. four 
times as many total pixels as the low resolution frames. 

io inquiry is then made (diamond 360) as to whether the 
last frame of the current sequence of frames being gen- 
erated has been computed. If not, the frame index is in- 
cremented (block 365), and the loop 370 is continued 
until all frames of the sequence have been computed. 

15 Referring to Fig. 4, there is shown a flow diagram 
of an embodiment of the routine for interpolating from 
the stored frames to obtain frames that are combined to 
obtain the desired high resolution frames. These oper- 
ations were first represented by the block 230 in Fig. 2. 

20 in the present embodiment, low resolution frames are 
spatially interpolated to obtain frames having the same 
number of pixels as the high resolution frames. Also, the 
high resolution frames (which, it will be recalled, are pro- 
duced less frequently than the low resolution frames) 

25 are temporally interpolated to obtain the same number 
of frames as the low resolution frames. After these in- 
terpolations, the resultant frame sequences and can be 
readily combined to obtain high resolution output 
frames. The concepts of spatial interpolation temporal 

30 interpolation, per se, and the type of means for perform- 
ing these interpolations, are known in the art and are 
described, for example, in the above referenced U.S. 
Patent No.s 4,51 7,597 and 4,628,344. For example, the 
interpolations can be performed using hardware (or soft- 

35 ware) that operates, in the case of the spatial interpola- 
tion, to average (or other suitable mathematical combin- 
ing function) adjacent pixel values and, in the case of 
the temporal interpolation, to average (or other suitable 
mathematical combining function) corresponding pixels 

40 of successive frames to obtain the interpolated frames. 
In Fig. 4 the spatial interpolation is represented by the 
block 421 , and the temporal interpolation is represented 
by the block 431 . After these interpolations are per- 
formed, for the first pair of luminance frames to be com- 

45 bined, a pixel index is initialized, as represented by the 
block 450. For the pixel being considered, the pixel val- 
ues are averaged (or, for example, can be combined in 
other suitable ways, such as adding, with this being tak- 
en into account in interpreting the combined pixel values 

50 when they are later converted into analog form for ulti- 
mate display), and this average value is stored, e.g. in 
the frame buffer subsystem of Fig. 1 , as represented by 
the block 460. The resultant value, stored in the frame 
buffer subsystem, will be the high resolution luminance 

55 value for the particular pixel of an output frame. Inquiry 
is then made (diamond 465) as to whether the last pixel 
has been processed. If not, the pixel index is increment- 
ed (block 470), and the loop 475 is continued until all 
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output pixel values tor the current trame have been com- 
puted and stored. When the answer to the inquiry of dia- 
mond 465 is in the affirmative, however, a complete out- 
put frame has been stored in the frame buffer and the 
block 480 represents the reading out of this frame for 
storage in a high resolution video store, e.g. the block 
170 of Fig. 1 , and/or the storage means of film recording 
subsystem 180 of Fig. 1 . Inquiry is then made (diamond 
490) as to whether the last frame of a sequence being 
computed has been processed. If not, the block 450 is 
reentered and the loop 495 is continued until all frames 
of a desired sequence have been processed and output. 

In the example set forth, the interpolation and com- 
bining is provided for the high and low resolution lumi- 
nance, and the stored low resolution color component 
information can be used in analog processing to obtain 
the output color video. Alternatively, spatially interpolat- 
ed frames of R-Y and B-Y can be generated and used 
in producing the output video and/or film. Also, in the 
examples set forth above and below, the processing, 
such as for computing frames, performing interpola- 
tions, and combining frames, is described as being se- 
quential, and it will be understood that portions thereof 
can alternatively be performed in different orders or in 
parallel using multiple processors, parallel hardware, or 
other suitable means. Also, the processing described 
utilizes luminance and color difference components, but 
processing in terms of R, B and G relatively low resolu- 
tion components, and a relatively high resolution lumi- 
nance (Y) component can alternatively be utilized. 

Referring to Fig. 5, there is shown a diagram which 
illustrates a technique in accordance with a further form 
of the invention. In this embodiment, the data base 150, 
and the blocks 210, 211, 216, 217 and 218, pertaining 
to the computation, filtering, and storage of the relatively 
low resolution frames, are the same as in Fig. 2. The 
blocks 520, 521 and 522 are similar to corresponding 
blocks 220, 221 and 222 of Fig. 2, except that in the 
present embodiment 7.5 relatively high resolution 
frames are produced for each second of animation to 
be presented. Also, in this embodiment the high resolu- 
tion frames have four times as many pixels in both the 
horizontal and vertical directions as the relatively low 
resolution frames. Also, in the present embodiment, in- 
termediate resolution frames of luminance and color dif- 
ference information are computed (block 530), there be- 
ing 15 intermediate resolution frames for each second 
of animation to be presented. These frames have twice 
as many pixels in both the horizontal and vertical direc- 
tions as the relatively low resolution frames (and, ac- 
cordingly, half as many pixels in both the horizontal and 
vertical directions as the relatively high resolution 
frames). The block 531 represents the bandpass filter- 
ing of the computed intermediate resolution frames and 
the blocks 536, 537 and 538 respectively represent the 
storage of the filtered luminance and color difference in- 
formation. The block 540 is similar to the corresponding 
block 230 of Fig. 2, except that in this case the frames 



of intermediate resolution are also interpolated and 
combined with the sequences of interpolated low and 
high resolution frames. More specifically, the intermedi- 
ate resolution frames of the Fig. 5 embodiment are both 

5 spatially and temporally interpolated to obtain a se- 
quence of frames having the same number of pixels as 
the high resolution frames and the same total number 
of frames, per unit time of animation to be presented, as 
the low resolution frames. As before, the low resolution 

to frames are spatially interpolated and the high resolution 
frames are temporally interpolated. This results in the 
three sequences of frames having the same number of 
pixels as the high resolution frames and the same 
number of frames, per unit time of animation to be pre- 

15 sented, as the low resolution frames. These three se- 
quences can then be combined, in the manner previous- 
ly described, by averaging or other suitable means. In 
terms of the flow diagram of Fig. 4, the interpolation rou- 
tines for the present embodiment would also include the 

20 spatial and temporal interpolation (performed in either 
order) of the intermediate resolution frames, and the 
combining of the pixel values of these interpolated 
frames with the pixel values of the interpolated sequenc- 
es of high and low resolution frames. 

25 The invention has been described with reference to 
particular preferred embodiments, but variations will oc- 
cur to those skilled in the art. For example it will be un- 
derstood that the numbers of pixels and frames set forth 
in specific embodiments are for illustration, and other 

30 numbers can be used. Also, as previously noted, the or- 
der in which operations are performed can be different 
than is shown in the illustrated embodiment. As an ex- 
ample, the relatively low resolution frames for an entire 
sequence of animated images may have been previous- 

35 |y computed, and the relatively high resolution frames 
can be computed and combined afterwards. 

Claims 

40 

1 . A method for generating electronic representations 
of animated images from stored image data ele- 
ments (150), comprising the steps of: 

45 computing (210), from said stored data ele- 

ments, a first sequence of relatively low reso- 
lution frames representing animated images 
over a given time period and low pass filtering 
(21 1 ) the information in said relatively low res- 
so olution frames; 

computing (220), from said stored image data 
elements, a second sequence of relatively high 
resolution images over the given time period 
and high pass filtering (511) the information in 
55 said relatively high resolution frames, the 

number of frames in said second sequence be- 
ing less than the number of frames in said first 
sequence; and 



so 
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combining (230) corresponding frames of said 
first and second sequences to obtain output 
high resolution frames representative of said 
animated images over said given time period. 

2. A method according to claim 1 , wherein there are 
at least twice as many computed frames of the first 
sequence as there are computed frames of the sec- 
ond sequence. 

3. A method according to claim 1 or claim 2, further 
comprising the steps of: 

spatially interpolating (421) each of the frames 
of the first sequence to increase the number of 
pixels in the spatially interpolated frames; 
and temporally interpolating (431) between 
frames of the second sequence; 
the combining step including combining the in- 
terpolated first sequence frames with second 
sequence frames and further second sequence 
frames. 

4. A method according to claim 3, wherein the spatial 
interpolation (421) of the first sequence of frames 
produces interpolated frames having the same 
number of pixels as the frames of the second se- 
quence of frames; and wherein the temporal inter- 
polation (431 ) of the second sequence of frames 
produces a total number of second sequence 
frames and further second sequence frames that is 
the same as the number of frames in the first se- 
quence. 

5. A method according to claim 3 or claim 4, wherein 
the combining step (230) comprises combining the 
values of corresponding pixels of corresponding 
frames of the first and second sequences of frames 
after the spatial and temporal interpolations have 
been performed. 

6. A method according to any of the preceding claims, 
wherein at least part of the combining step (230) is 
performed while the steps (210, 220) of computing 
the first and second sequences are still being per- 
formed. 

7. A method according to any of the preceding claims, 
further comprising the step of computing (530), from 
the stored image data elements, a third sequence 
of intermediate resolution frames representing ani- 
mated images over the given time period, the 
number of frames in the third sequence being less 
than the number of frames in the first sequence and 
greater than the number of frames in the second 
sequence, and wherein the combining step (540) 
includes combining corresponding frames of the 
first, second, and third sequences. 



8. A method according to claim 7, wherein the com- 
puting (530) of a third sequence of intermediate res- 
olution frames includes bandpass filtering (531 ) the 
information in the intermediate resolution frames. 

5 

9. A method according to claim 7 or claim 8, further 
comprising the steps of: 

spatially interpolating each of the frames of the 
io first sequence to increase the number of pixels 

in the spatially interpolated frames; 
spatially interpolating each of the frames of the 
third sequence to increase the number of pixels 
in the spatially interpolated third sequence 
15 frames and temporally interpolating between 

spatially interpolated third sequence frames to 
obtain further third sequence frames; and tem- 
porally interpolating between the frames of the 
second sequence to obtain further frames in the 
20 second sequence; 

wherein the combining step (540) includes 
combining frames and interpolated frames of 
the first, second and third sequences. 

25 10. A method according to claim 9, wherein the frames 
of the third sequence are temporally interpolated 
before they are spatially interpolated. 

11. A method according to claim 9 or claim 1 0, wherein 
30 the spatial and temporal interpolations result in all 

sequences of frames having the same number of 
frames and the same number of pixels per frame. 

1 2. A method according to any of claims 9 to 1 1 , where- 
35 in the combining step (540) comprises combining 

the values of corresponding pixels of corresponding 
frames of the first, second and third sequences of 
frames after the spatial and temporal interpolations 
have been performed. 

40 

13. Apparatus for generating electronic representa- 
tions of animated images from stored image data 
elements, comprising: 

45 means (1 00) for computing, from the stored im- 

age data elements, a first sequence of relatively 
low resolution frames representing animated 
images over a given time period, and means for 
low pass filtering (211) the information in said 
50 relatively low resolution frames; 

means (1 00) for computing, from the stored im- 
age data elements, a second sequence of rel- 
atively high resolution frames representing the 
animated images over the given time period, 
55 and means for high pass filtering (511) the in- 

formation in said relatively high resolution 
frames, the number of frames in the second se- 
quence being less than the number of frames 
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in the first sequence; and 
means (100) for combining corresponding 
frames of the first and second sequences to ob- 
tain output high resolution frames representa- 
tive of said animated images over said given 
time period. 

14. Apparatus according to claim 13, further compris- 
ing: 

means for spatially interpolating each of the 
frames of the first sequence to increase the 
number of pixels in the spatially interpolated 
frames; and means for temporally interpolating 
between frames of the second sequence to ob- 
tain further frames in the sequence; 
wherein the combining means includes means 
for combining the interpolated first sequence 
frames with second sequence frames and fur- 
ther second sequence frames. 

15. Apparatus according to claim 14, wherein the 
means for spatially interpolating the first sequence 
of frames produces interpolated frames having the 
same number of pixels as the frames of the second 
sequence of frames; and wherein the temporal in- 
terpolation of the second sequence of frames pro- 
duces a total number of second sequence frames 
and further second sequence frames that is the 
same as the number of frames in the first sequence. 

16. Apparatus according to claim 13 to claim 15, further 
comprising means for computing, from the stored 
image data elements, a third sequence of interme- 
diate resolution frames representing animated im- 
ages over the given time period, the number of 
frames in the third sequence being less than the 
number of frames in the first sequence and greater 
than the number of frames in the second sequence, 
and wherein the combining means includes means 
for combining corresponding frames of the first, 
second, and third sequences. 

17. Apparatus according to claim 16, wherein the 
means for computing a third sequence of interme- 
diate resolution frames includes means for band- 
pass filtering the information in said intermediate 
resolution frames. 

1 8. Apparatus according to claim 1 6 or claim 1 7, f u rther 
comprising: 

means for spatially interpolating each of the 
frames of the third sequence to increase the 
number of pixels in the spatially interpolated 
third sequence frames and means for tempo- 
rally interpolating between spatially interpolat- 
ed third sequence frames to obtain further third 



sequence frames; 

wherein the combining means includes means 
for combining frames and interpolated frames 
of said first, second and third sequences. 

5 

19. Apparatus according to claim 18, wherein the 
means for interpolating the frames of the third se- 
quence is operative to temporally interpolate the 
frames before they are spatially interpolated. 

10 

Patentanspruche 

1. Verfahren zum Erzeugen elektronischer Darstellun- 
15 gen bewegter Bilder aus gespeicherten Bilddaten- 
elementen (150), enthaltend die Schritte: 



Berechnen (210), aus den gespeicherten Da- 
tenelementen, eine erste Folge von Einzelbil- 
20 dem relativ niedriger Auflosung, die bewegte 

. Bilder uber eine gegebene Zeitperiode darstel- 
len, und TiefpaGfiltern (211) der Information in 
den besagten Einzelbildem relativ niedriger 
Auflosung; 

25 Berechnen (220), aus den gespeicherten Da- 

tenelementen, eine zweite Folge von Einzelbil- 
dem relativ hoher Auflosung uber die gegebe- 
ne Zeitperiode und HochpaGfiltern (511 ) der In- 
formation in den besagten Einzelbildem relativ 

30 hoher Auflosung, wobei die Anzahl von Einzel- 

bildem in der zweiten Folge kleiner ist als die 
Anzahl von Einzelbildem in der ersten Folge, 
und 

Kombinieren (230) entsprechender Einzelbil- 
35 der der ersten und der zweiten Folge zum Er- 

langen ausgangsseitiger Einzelbilder hoher 
Auflosung, die darstellend fur die besagten be- 
wegten Bilder uber die gegebene Zeitperiode 
sind. 

40 

2. Verfahren nach Anspruch 1 , wobei es mindestens 
zweimal soviel berechnete Einzelbilder der ersten 
Folge wie berechnete Einzelbilder der zweiten Fol- 
ge gibt. 

45 

3. Verfahren nach Anspruch 1 oder 2, ferner enthal- 
tend die Schritte: 

raumliches Interpolieren (421) jedes der Ein- 
50 zelbilder der ersten Folge zum Erhohen der An- 

zahl von Pixeln in den raumlich interpolierten 
Einzelbildem, 

und zeitliches Interpolieren (431 ) zwischen den 
Einzelbildem der zweiten Folge, 
55 wobei der Schritt des Kombinierens ein Kombi- 

nieren der interpolierten Einzelbilder der ersten 
Folge mit Einzelbildem der zweiten Folge und 
weiteren Einzelbildem der zweiten Folge ent- 
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halt. 

4. Verfahren nach Anspruch 3, wobei die raumliche In- 
terpolation (421 ) der ersten Folge von Einzelbildern 
interpolierte Einzelbilder liefert, welche die gleiche s 
Anzahl von Pixeln wie die Einzelbilder der zweiten 
Folge von Einzelbildern haben, und wobei die zeit- 
liche Interpolation (431 ) der zweiten Folge von Ein- 
zelbildern eine Gesamtanzahl von Einzelbildern der 
zweiten Folge und weiteren Einzelbildern der zwei- 10 
ten Folge liefert, welche die gleiche ist wie die An- 
zahl von Einzelbildern in der ersten Folge. 

5. Verfahren nach Anspruch 3 und Anspruch 4, wobei 
beim Schritt des Kombinierens (230) die Werte ent- is 
sprechender Pixel von entsprechenden Einzelbil- 
dern der ersten und zweiten Folge von Einzelbil- 
dern kombiniert werden, nachdem die raumlichen 
und zeitlichen Interpolationen durchgefuhrt worden 
sind. 20 



ren zwischen raumlich interpolierten Einzelbil- 
dern der dritten Folge zum Erlangen weiteren 
Einzelbilder der dritten Folge und zeitliches In- 
terpolieren zwischen den Einzelbildern der 
zweiten Folge zum Erlangen weiterer Einzelbil- 
der in der zweiten Folge, 
wobei der Schritt (540) des Kombinierens das 
Kombinieren von Einzelbildern und interpolier- 
ten Einzelbildern der ersten, der zweiten und 
der dritten Folge enthalt. 

10. Verfahren nach Anspruch 9, wobei die Einzelbilder 
der dritten Folge zeitlich interpoliert werden, bevor 
sie raumlich interpoliert werden. 

11. Verfahren nach Anspruch 9 oder Anspruch 10, wo- 
bei die raumlichen und zeitlichen Interpolationen er- 
geben, daft alle Folgen von Einzelbildern die glei- 
che Anzahl von Einzelbildern und die gleiche An- 
zahl von Pixeln pro Einzelbild haben. 



6. Verfahren nach einem der vorhergehenden Anspru- 
che, wobei mindestens ein Teil des Schrittes des 
Kombinierens (230) durchgefuhrt wird, wahrend die 
Schritte (210, 220) des Berechnens der ersten und 
der zweiten Folge noch durchgefuhrt werden. 

7. Verfahren nach einem der vorhergehenden AnsprO- 
che, ferner enthaltend den Schritt des Berechnens 
(530), aus den gespeicherten Bilddatenelementen, 
einer dritten Folge von Einzelbildern mittlerer Auf- 
losung, welche bewegte Bilder uber die gegebene 
Zeitperiode darstellen, wobei die Anzahl von Ein- 
zelbildern in der dritten Folge kleiner ist als die An- 
zahl von Einzelbildern in der ersten Folge und gro- 
wer als die Anzahl von Einzelbildern in der zweiten 
Folge, und wobei der Schritt (540) des Kombinie- 
rens das Kombinieren entsprechender Einzelbilder 
der ersten, der zweiten und der dritten Folge ent- 
halt. 

8. Verfahren nach Anspruch 7, wobei das Berechnen 
(530) einer dritten Folge von Einzelbildern mittlerer 
Auflosung eine Ban dpaBfilte rung (531) der Infor- 
mation in den Einzelbildern mittlerer Auflosung ent- 
halt. 

9. Verfahren nach Anspruch 7 Oder Anspruch 8, ferner 
enthaltend die Schritte: 

raumliches Interpolieren eines jeden der Ein- 
zelbilder der ersten Folge zur Erhohung der An- 
zahl von Pixeln in den raumlich interpolierten 
Einzelbildern; 

raumliches Interpolieren jedes der Einzelbilder 
der dritten Folge zur Erhohung der Anzahl von 
Pixeln in den raumlich interpolierten Einzelbil- 
dern der dritten Folge und zeitliches Interpolie- 



12. Verfahren nach einem der Anspruche 9 bis 11 , wo- 
bei beim Schritt des Kombinierens (540) die Werte 
entsprechender Pixel von entsprechenden Einzel- 
25 bildern der ersten, der zweiten und der dritten Folge 
von Einzelbildern kombiniert werden, nachdem die 
raumlichen und zeitlichen Interpolationen durchge- 
fuhrt worden sind. 

30 13. Vorrichtung zum Erzeugen elektronischer Darstel- 
lungen bewegter Bilder aus gespeicherten Bildda- 
tenelementen, enthaltend: 

eine Einrichtung (100) zum Berechnen, aus 
35 den gespeicherten Bilddatenelementen, eine 

erste Folge von Einzelbildern relativ niedriger 
Auflosung, die bewegte Bilder uber eine gege- 
bene Zeitperiode darstellen, und eine Einrich- 
tung zur TiefpaGfilterung (211) der Information 
40 in den Einzelbildern relativ niedriger Auflosung; 

eine Einrichtung (100) zum Berechnen, aus 
den gespeicherten Bilddatenelementen, eine 
zweite Folge von Einzelbildern relativ hoher 
Auflosung, die bewegte Bilder uber die gege- 
45 bene Zeitperiode darstellen, und eine Einrich- 

tung zur HochpaBfilterung (511) der Informati- 
on in den Einzelbildern relativ hoher Auflosung, 
wobei die Anzahl von Einzelbildern in der zwei- 
ten Folge kleiner ist als die Anzahl von Einzel- 
so bildern in der ersten Folge, und 

eine Einrichtung (100) zum Kombinieren ent- 
sprechender Einzelbilder der ersten und der 
zweiten Folge zum Erlangen ausgangsseitiger 
Einzelbilder hoher Auflosung, die darstellend 
55 fur die bewegten Bilder uber die gegebene Zeit- 

periode sind. 

14. Vorrichtung nach Anspruch 13, ferner enthaltend: 
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eine Einrichtung zum raumlichen Interpolieren 
jedes der Einzelbilder der ersten Folge, urn die 
Anzahl von Pixeln in den raumlich interpolierten 
Einzelbildern zu erhohen, und eine Einrichtung 
zum zeitlichen Interpolieren zwischen Einzel- 
bildern der zweiten Folge, um weitere Einzel- 
bilder in der zweiten Folge zu erlangen, 
wobeidie kombinierende Einrichtung eine Ein- 
richtung zum Kombinieren der interpolierten 
Einzelbilder der ersten Folge mit Einzelbildern 
der zweiten Folge und weiteren Einzelbildern 
der zweiten Folge enthalt. 

15. Vorrichtung nach Anspruch 14, wobei die Einrich- 
tung zum raumlichen Interpolieren der ersten Folge 
von Einzelbildern interpolierte Einzelbilder Itefert, 
welche die gleiche Anzahl von Pixeln wie die Ein- 
zelbilder der zweiten Folge von Einzelbildern ha- 
ben, und wobei die zeitliche Interpolation der zwei- 
ten Folge von Einzelbildern eine Gesamtanzahl von 
Einzelbildern der zweiten Folge und weiteren Ein- 
zelbildern der zweiten Folge liefert, welche die glei- 
che ist wie die Anzahl von Einzelbildern in der er- 
sten Folge. 

1 6. Vorrichtung nach Anspruch 1 3 bis Anspruch 1 5, fer- 
ner enthaltend eine Einrichtung zum Berechnen, 
aus den gespeicherten Bilddatenelementen, eine 
dritte Folge von Einzelbildern mittlerer Auflosung, 
die bewegte Bilder uber die gegebene Zeitspanne 
darstellen, wobei die Anzahl von Einzelbildern in 
der dritten Folge kleiner ist als die Anzahl von Ein- 
zelbildern in der ersten Folge und groBer als die An- 
zahl von Einzelbildern in der zweiten Folge, und wo- 
bei die kombinierende Einrichtung eine Einrichtung 
zum Kombinieren entsprechender Einzelbilder der 
ersten, zweiten und dritten Folge enthalt. 

17. Vorrichtung nach Anspruch 16, wobei die Einrich- 
tung zum Berechnen einer dritten Folge von Einzel- 
bildern mittlerer Auflosung eine Einrichtung zur 
BandpaGfitterung der Information in den Einzelbil- 
dern mittlerer Auflosung enthalt. 

18. Vorrichtung nach Anspruch 16 Oder Anspruch 17, 
ferner enthaltend: 

eine Einrichtung zum raumlichen Interpolieren 
jedes der Einzelbilder der dritten Folge, um die 
Anzahl von Pixeln in den raumlich interpolierten 
Einzelbildern der dritten Folge zu erhohen, und 
eine Einrichtung zum zeitlichen Interpolieren 
zwischen raumlich interpolierten Einzelbildern 
der dritten Folge, um weitere Einzelbilder der 
dritten Folge zu erhalten, 
wobei die kombinierende Einrichtung eine Ein- 
richtung zum Kombinieren von Einzelbildern 
und interpolierten Einzelbildern der ersten, der 



zweiten und der dritten Folge enthalt. 

19. Vorrichtung nach Anspruch 18, wobeidie Einrich- 
tung zum Interpolieren der Einzelbilder der dritten 
s Folge betriebsfahig ist, um die zeitliche Interpolie- 

rung der Einzelbilder vor deren raumlicher Interpo- 
lierung durchzufuhren. 



10 Revendi cat ions 

1 . Precede de generation de representations electro- 
niques d'images animees a partir d'elements de 
donnees d'images stockes (150) comprenant les 

15 etapes consistant a : 

calcuter (210), a partir desdits elements de don- 
nees stockes, une premiere sequence de tra- 
mes de resolution relativement basse repr6- 

20 sentant des images animees sur une periode 

donnee et soumettre a un filtrage passe-bas 
(211) les informations contenues dans lesdites 
trames de resolution relativement basse ; 
calculer (220), a partir desdits elements de don- 

25 nees d'images stockes, une deuxieme sequen- 

ce d'images de resolution relativement haute 
sur la periode donnee et soumettre a un filtrage 
passe-haut (511) les informations contenues 
dans lesdites trames de resolution relativement 

30 haute, le nombre de trames de ladite deuxieme 

sequence etant inferieur au nombre de trames 
de ladite premiere sequence ; et 
combiner (230) des trames correspondantes 
desdites premiere et deuxieme sequences 

35 pour obtenir en sortie des trames de haute re- 

solution representatives desdites images ani- 
mees sur ladite periode donnee. 

2. Precede selon la revendication 1 dans lequel, il 
40 existe au moins deux fois plus de trames calculees 

de la premiere sequence que de trames calculees 
de la deuxieme sequence. 

3. Proced6 selon la revendication 1 ou la revendica- 
45 tion 2 comprenant, en outre, les etapes consistant 

a: 

interpoler spatialement (421 ) chacune des tra- 
mes de la premiere sequence pour augmenter 
50 le nombre de pixels des trames interpolees 

spatialement ; 

et interpoler temporellement (431 ) entre les tra- 
mes de la deuxieme sequence ; 
I'etape de combinaison comprenant la combi- 
55 naison des trames interpolees de la premiere 

sequence avec des trames de la deuxieme se- 
quence et d'autres trames de la deuxieme se- 
quence. 
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4. Precede selon la revendication 3, dans lequel I'in- 
terpolation spatiale (421) de la premiere sequence 
de trames produit des trames interpolees ayant le 
meme nombre de pixels que les trames de la 
deuxieme sequence de trames ; et dans lequel Tin- 5 
terpolation temporelle (431) de la deuxieme se- 
quence de trames. produit un nombre total de tra- 
mes de la deuxieme sequence et d'autres trames 

de la deuxieme sequence qui est le meme que le 
nombre de trames de la premiere sequence. 10 

5. Procede selon la revendication 3 ou la revendica- 
tion 4, dans lequel I'etape de combinaison (230) 
comprend la combinaison des valeurs des pixels 
correspondants des trames correspondantes de la 15 
premiere et de la deuxieme sequence de trames 
apres I'execution des interpolations spatiale et tem- 
porelle. 

6. Procede selon I'une quelconque des revend teat ions 20 
prec^dentes, dans lequel au moins une partie de 
I'etape de combinaison (230) est executed, alors 
que les etapes (210, 220) du calcul de la premiere 

et de la deuxieme sequence sont encore en cours 
d'execution. 25 

7. Procede selon Tune quelconque des revendications 
precedentes comprenant, en outre, i'etape de cal- 
cul (530), a partir des elements de donnees dama- 
ges stockes, d'une troisieme sequence de trames 30 
de resolution intermediate representant des ima- 
ges animees sur la periode donnee, le nombre de 
trames de la troisieme sequence etant inferieur au 
nombre de trames de la premiere sequence et su- 
perieur au nombre de trames de la deuxieme se- 35 
quence et dans lequel, I'etape de combinaison 
(540) inclut la combinaison de trames correspon- 
dantes de la premiere, de la deuxieme et de la troi- 
sieme sequence. 

40 

8. Procede selon la revendication 7, dans lequel le cal- 
cul (530) de la troisieme sequence de trames de 
resolution intermediate inclut le filtrage passe-ban- 
de (531) des informations contenues dans les tra- 
mes de resolution intermediate. 45 

9. Precede selon la revendication 7 ou la revendica- 
tion 8 comprenant, en outre, les etapes consistant 

a: 

so 

interpoler spatialement chacune des trames de 
la premiere sequence pour augmenter le nom- 
bre de pixels des trames interpolees 
spatialement ; 

interpoler spatialement chacune des trames de 55 
la troisieme sequence pour augmenter le nom- 
bre de pixels des trames de la troisieme se- 
quence interpolees spatialement et interpoler 



temporellement entre les trames de la troisie- 
me sequence interpolees spatialement pour 
obtenir d'autres trames de la troisieme 
sequence ; et interpoler temporellement entre 
les trames de la deuxieme sequence pour ob- 
tenir d'autres trames de la deuxieme 
sequence ; 

dans lequel I'etape de combinaison (540) inclut 
la combinaison de trames et de trames interpo- 
lees de la premiere, de la deuxieme et de la 
troisieme sequence. 

10. Procede selon la revendication 9, dans lequel les 
trames de la troisieme sequence sont interpolees 
temporellement avant leur interpolation spatiale. 

11. Procede selon la revendication 9 ou la revendica- 
tion 10, dans lequel les interpolations spatiale et 
temporelle font que toutes les sequences de trames 
ont le meme nombre de trames et le meme nombre 
de pixels par trame. 

12. Precede selon I'une quelconque des revendications 
9 a 11, dans lequel I'etape de combinaison (540) 
comprend la combinaison des valeurs des pixels 
correspondants des trames correspondantes de la 
premiere, de la deuxieme et de la troisieme sequen- 
ce de trames apres ('execution des interpolations 
spatiale et temporelle. 

13. Appareil pour generer des representations eiectro- 
niques d'images animees a partir d'eiements de 
donnees d'images stockes, comprenant ; 

un moyen (100) pour calculer, a partir des ele- 
ments de donnees d'images stockes, une pre- 
miere sequence de trames de resolution relati- 
vement basse representant des images ani- 
mees sur une periode donnee et un moyen 
pour soumettre a un filtrage passe-bas (211) 
les informations contenues dans lesdites tra- 
mes de resolution relativement basse ; et 
un moyen (100) pour calculer, a partir des ele- 
ments de donnees d'images stockes, une 
deuxieme sequence de trames de resolution 
relativement haute representant les images 
anim6es sur la periode donnee et un moyen 
pour soumettre a un filtrage passe-haut (511) 
les informations contenues dans lesdites tra- 
mes de haute resolution, le nombre de trames 
de la deuxieme sequence etant inferieur au 
nombre de trames de la premiere sequence ; et 
un moyen (100) pour combiner les trames cor- 
respondantes de la premiere et de la deuxieme 
sequence pour obtenir des trames haute reso- 
lution en sortie representatives desdites ima- 
ges animees sur ladite periode donnee. 
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14. Appareil selon la revendication 13, comprenant, en 
outre ; 

un moyen pour interpoler spatialement chacu- 
ne des trames de la premiere sequence pour s 
augmenter le nombre de pixels des trames in- 
terpolees spatialement ; et un moyen pour in- 
terpoler temporellement entre les trames de la 
deuxieme sequence pour obtenir d'autres tra- 
mes de la sequence ; 

dans lequel, le moyen de combinaison inclut un 
moyen pour combiner les trames interpolees 
de la premiere sequence avec les trames de la 
deuxieme sequence et d'autres trames de la 
deuxieme sequence. 

15. Appareil selon la revendication 14, dans lequel ie 
moyen pour interpoler spatialement la premiere se- 
quence de trames produit des trames interpolees 
ayant le m§me nombre de pixels que les trames de 
la deuxieme sequence de trames ; et dans lequel 
Interpolation temporelte de la deuxieme sequence 
de trames produit un nombre total de trames de 
deuxieme sequence et autres trames de deuxieme 
sequence qui soit le meme que le nombre de trames 
de la premiere sequence 

16. Appareil selon les revendications 13 a 15, compre- 
nant, en outre, un moyen pour calculer, a partir 
d' elements de donnees d' images stockes, une troi- 
sieme sequence de trames de resolution interme- 
diate representant des images animees sur la pe- 
riode donnee, le nombre de trames de la troisieme 
sequence etant inferieur au nombre de trames de 
la premiere sequence et superieur au nombre de 
trames de la deuxieme sequence et dans lequel le 
moyen de combination inclut un moyen pour com- 
biner les trames correspondantes de la premiere, 
de la deuxieme et de la troisieme sequence. 

17. Appareil selon la revendication 16, dans lequel le 
moyen de calcul d'une troisieme sequence de tra- 
mes de resolution intermediate inclut un moyen 
pour soumettre a un filtrage passe-bande les infor- 
mations contenues dans lesdites trames de resolu- 
tion intermediate. 

18. Appareil selon la revendication 16 ou la revendica- 
tion 17 comprenant, en outre, : 
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dans lequel ie moyen de combinaison inclut un 
moyen pour combiner les trames et les trames 
interpolees desdites premiere, deuxieme et 
troisieme sequences. 

19. Appareil selon la revendication 18, dans lequel le 
moyen d'interpolation des trames de la troisieme 
sequence est actif pour interpoler temporellement 
les trames avant leur interpolation spatiale. 
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un moyen pour interpoler spatialement chacu- 
ne des trames de la troisieme sequence pour 
augmenter le nombre de pixels des trames de 
la troisieme sequence interpolees spatialement 
et un moyen pour interpoler temporellement ss 
entre les trames de la troisieme sequence in- 
terpolees spatialement pour obtenir d'autres 
trames de la troisieme sequence ; 
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